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Terminology 

 FC: Fixed Carbon 

 VM: Volatile Matter 

 dmmf: Dry Mineral Matter Free 

 GCV: Gross Calorific Value 

 HV: Heating Value 

 MM: Mineral Matter 

 M: Moisture 

 A: Ash 

 

 



Types of Coal Used in Combustion 

 Coal can have a range of compositions and will react 

accordingly.  

 The most ancient coals under high pressure would have 

converted practically all the vegetable matter into fixed 

carbon(FC). 

 The youngest coals with less pressure contain more 

volatile matter(VM). 

 There are several classifications for coals. In the US, they 

are classified by rank as per the ASTM D388.  

 Rank is measured by the degree of coalification. 

 



Types of Coal Used in Combustion 

 The properties used for coal classification consist of the 

GCV, M, VM, and the agglomerating character. 

 

 

 

 

 

 



Types of Coal Used in Combustion 

 With increasing rank, FC and GCV increase whereas M 

and VM decrease.  

 The ratio of FC to VM is called the fuel ratio, which 

increases with rank. 

 Obviously, the higher the GCV, the higher the fuel ratio. 

 But the GCV drops as there is not enough VM to 

contribute to the heat value.  

 VM and oxygen contents aid in the ignition and enhance 

combustibility and flame stability. 

 



Coal Types Around the World 
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How Coal Burns 

 A proximate analysis tells us how coal burns, and it 

assesses four items: 

1. Moisture (M)-the total moisture consisting of 

inherent/interstitial and superficial moisture. 

2. Ash (A)-the residue left on burning of the coal. 

3. Volatile matter-the gaseous portion that burns above 

the bed in free space 

4. Fixed Carbon-The solid portion of fuel that burns. 



Moisture (M) 

 The total moisture of as-mined coal varies a great deal. 

The proportions consist of 

 5% in low volatile bituminous coal 

 12% in high-volatile bituminous coal 

 35-65% in ignites 

 On burning, the moisture cools the flue gases, and hence 

reduces the tendency to form fuel Nox. 

 The two types of moisture are inherent moisture and 

surface moisture. 

 Surface moisture leaves the coal at 105°C and inherent 

moisture leaves the coal at 750°C. 

 



Ash (A) 

 Ash is the incombustible mineral matter(MM) left behind 

when coal is burnt.  

 Ash is of two types 

1. Adventitious shale, clay, pyrites dirt from earth/stone. 

2. Inherent vegetable matter. 

 Ash is composed of compounds Si, Al, Fe, and Ca. To a 

lesser extent, it consists of Mg, Ti, Na and K. 

 Although they are reported as oxides in analysis, they 

occur in ash as a mix of silicates, oxides, sulphates etc. 

 

 



Volatile Matter(VM) 

 VM is a complex mixture of organic material, which 

volatilizes quickly on heating at ~300°C and burns in 

suspension in a furnace.  

 The higher the VM, the lower the ignition temperature 

and greater the combustion speed (easy to ignite and 

burn coal). 

 Coals with less than 15% VM are termed low volatile. 

 Expelled VM contains, 

1. Water resulting from combustion of H2. 

2. Complex mixtures of H2, O2, CO, CH4, C2H6, and 

other hydrocarbons(HCs). 

 



Fixed Carbon 

 Fixed Carbon is the carbonaceous residue left in the 

crucible after driving away the VM.  

 Fixed carbon needs to be burnt in solid state either on 

the grate or in the bed in fluidized bed combustion or 

solid pulverized fuel firing.  

 FC=100-(M+A+VM). 



Burners(Jets)-Pulverized Coal 

 Purpose is to mix the fuel and air in correct proportions 

to inject the mixture into the furnace for complete 

combustion. 

1. Air carrying the fuel is primary air. 

2. Air injected through separate openings is secondary air. 

 The most effective turbulence is obtained by placing the 

burners in the four corners of the furnace, horizontally, 

in such a manner that the flames impinge one another. 

 Cyclonic pattern is observed and high temperatures 

from the intense turbulence is generated. 

 

 



Tangential Positioning of Horizontal Flame 



Horizontal Flame Firing 



Cyclonic Turbulence 



Ash Removal 

 The fuels produce soot or fly ash; coal also produces 

cinders.  

 These are small particles of the products of combustion, 

but they may also include unburned carbon. 

 These are carried away in the gasses that ultimately find 

their way to the atmosphere in flue, stack or chimney. 



Actual Coal Composition 



Actual Coal Composition 

 Stable combustion conditions requires the right amounts of 
fuels and oxygen. The combustion products are heat energy, 
carbon dioxide, water vapour, nitrogen, and other gases 
(excluding oxygen). 

  In theory there is a specific amount of oxygen needed to 
completely burn a given amount of fuel. In practice, burning 
conditions are never ideal. 

 Therefore, more air than ideal must be supplied to burn all fuel 
completely. The amount of air more than the theoretical 
requirement is referred to as excess air. 

 Pulverized coal-fired boilers may run with 20 percent excess 
air.  

 Typical values of excess air for some common fuels are shown 
in the table below: 

 



Thermodynamic Partition Analysis 

Combustion Zone 

Flue Gas Zone 

Ash/Slag Zone 



Carbon Oxygen Ratio 

Fuel 
Excess of Air 

(%) 

Anthracite 40 

Coke oven gas 5 - 10 

Natural Gas 5 - 10 

Coal, pulverized 15 - 20 

Coal, stoker 20 - 30 

Oil (No. 2 and No. 6) 10 to 20 

Semi anthracite, hand firing 70 to 100 

Semi anthracite, with stoker 40 to 70 

Semi anthracite, with traveling grate 30 to 60 



The Setup 

Input 1 

Anthracite 

H20 4.50 - 

C 80.00 - 

Ash 9.50 - 

Vm 6.00 - 

Total 100.00 - 

Input 2 

Subbituminous 

H20 17.50 - 

C 35.00 - 

Ash 11.00 - 

Vm 36.50 - 

Total 100.00 - 

Input 3 

Lignite 

H20 35.00 - 

C 28.00 - 

Ash 9.00 - 

Vm 28.00 - 

Total 100.00 - 



The Setup 

Ash Input 

Oxide Moles Grams Percentage 

SiO2 6.657346 400 41.2360% 

Al2O3 0.980767 100 10.3090% 

FeS2 0.249803 29.970648 3.0897% 

CaO 2.674893 150 15.4635% 

MgO 1.984915 80 8.2472% 

Na2O 1.129415 70 7.2163% 

K2O 0.318488 30 3.0927% 

TiO2 0.375634 30 3.0927% 

SO3 0 0 0.0000% 

Fe2O3 0.501323 80.054832 8.2529% 

Total 14.87259 970.02548 100.00% 

Volatile Material Input 

Oxide Moles Grams Percentage 

CO 100.00 4.55 8.764722% 

CO2 100.00 2.63 5.074349% 

CH4 200.00 20.00 38.563026% 

C2H6 200.00 11.11 21.423903% 

C3H8 200.00 7.69 14.831933% 

C4H10 200.00 5.88 11.342066% 

Total 1000.00 51.86 100.00% 
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The Setup 



The Setup 



The Setup 



 



 



 



Results-Temperature vs. Oxygen Flux 

 As expected, the coal with the highest caloric value will 

yield higher maximum temperature. 

 The lignite coal will react with an optimal amount of 

oxygen(200g) to reach a maximum temperature of 

2600°C. 

 The subbituminous coal will react with an optimal 

amount of oxygen(200g) to reach a maximum 

temperature of 2700°C. 

 The anthracite coal will react with an optimal amount of 

oxygen(200g) to reach a maximum temperature of 

2900°C. 

 



 



 



 



 



 



 



Results-Slag vs. Oxygen Flux 

 The total slag composition for lignite and subbituminous 

follow a similar shape, but is different for anthracite coal. 

 The lignite and subbituminous coal slag will be minimum 

at the quantity of oxygen which the maximum 

temperature is reached . 

 However, the anthracite coal has an initial slag 

composition of zero which indicates a much cleaner burn 

than the other two coals. 

 The anthracite coal is more efficient. 

 



 



 



 



Design and Conclusions 

 After a preliminary investigation into the use of different 

coal and gas mixture content, it is evident that the 

Anthracite coal gives the cleanest and most efficient burn. 

 It is consistent with the theory that this coal has the 

highest energy value. 

 Also, the slag and the gases are comparably lower than 

those found with the other coals. 

 

THANK YOU! 

 


